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^ o. ^ W f^-i- A^^-o.^.^ #7H #3* 

M}-^ AlZj-tiV^^, o]^^ S «-Ei ^ o. ol^Hl^. 7>^A]7l 

a>71 Sj^Z^m^ ^ ^^W. -*7l ^VA>^ofl ^A>E|^- o^iajoj o>A> 

Zfo. ^o1*>7l ^«fl ^A>£]^ ol^ofl cfl^H ^7] 7|i7lf afl<H^ ^ 

£ SftO.^, ^-71 ^U^H ^71^-g- ol7>*><^ ol^-aj^ Al^^^l- aflo^ ^ 

[tflJEIE] 
£ 1 
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°l-§-^ ^ W {Method of etching 

semiconductor device using neutral beam and apparatus for etching the same} 

51 3^ t^^l ^12 ^Al^ofl nfs. #^«]# ol-g-*V ti>H^l^H] cfltb ^ ^"^1 

^5^ ^Ef^H ZLEfl^olcf. 

^512} ^Sj-l- ZLSflSolcf. 

51 6^ -g- ^Hl 1 ^*HH afe} ai^^^- ^ rf cflfV ^z|- 

^2fl- q-Ef^ ZLEflSojcf. 

< 51^ ^jl ^ofl rfltb ^-JL2l ^ > 
10 ; <>l£ri:5l^ 12 ; ^£3°^ 
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14 ; ZL?]EL 16 ; 3£r^33: J i L 

18, 40a, 40b, 40c, 40d ; <&3-*fl 20 ; 33371^ 

30 ; «>£^7l^- 32 ; 333#3# 

34 ; ^°}i3f 

[1^3 A oMl*b ^^1 
[^3 ^31 

[^O] 71 ZL £0)3 ^Efl 7 )#] 

<14> *yS.z]}^}2\ 333^ ^ 3* 3^ 33"3-*Hl ^ JiLtf 

-SMI*Mlfe #33# -g-^H 3^33^ «V£;*lli3-# 33% v ^ ol^ Al 

zi-iy-ig 5J n 33-3-*H 333. 
<is> tiVE^33 JL333H1 tfl^ jS.^-7}- 3^333<i icj-ej-, *K£*ll 3335.31 
-M^HMi ^7>oll-ol d^- 3^33 0.25 urn 333 3313 ^(Critical Dimension)7> 

A^£l7lofl Ole^cf. ^fl o]^^. q-i^lEl-3- «>^1417>>S ^33 3 $ ^^HlS. 

3 -H^S §3^3(High Density Plasma)3333 , ^-i^ 3 £r3 3^3 (Reactive Ion 
Etcher)-§-3 3-£r 7j-^-g- 33-3-37!- 3~g-3ji &3-. ne^, o]e^ 3333°fl3 
^ 33 h^33 33" 3^3 3^1:3 °lt 3^1:3 <r«? eV3 ofl 

3 3 3. aV£33# ^-£.^71^31 #3 #1"33 nfl^-o^l aVE^l #c>l 3 

33tb ^-3 #3#3 #33, 333 33 3 33. 

<ie> ^3, #33 ^3-0.^3 , 33tb ^#3^ 3333 33 3^ J* 

3 #3 #3 S33 333#^ 3*3 3 £ 33, 333fe 3 ^#3 °^7\ ^333 
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M- #1-5)^ <5jJf ^^o] 0_S. ^^5)°} *]zJ-3-£r S^^l S?-«M 2: 

(dangling bond)Jl5. S\7]5E. cg^*y *fljL£] #5]^ ^v^n]- o>q 

el- £#^1 ^34lSl 0 l 5l7]£ <5 r ^, zl «H1 7flo|;E ^evoj ^l^(chargeup) 

charging) °\] 7)9}^ #e}^e]^ (notching)-^ ^ 
fr ^7]^ ^M^tf. sEtb. oje^v ^71^ ^AVoi^^i ^ ^^Hl 

iM4 CF31 i>|-7^t ^ C-F #BH3 mj.^- 3tr H 

<17> uJ-^nlE^ *V£*fl^7Hl 9l°]*\ °l^tr °l£r°fl ^ #21^, ^7l^ 

f-£- 4l7>Sl 7^>Al7lJl M-°>7> #^1*1 71 -2-<y<>l 5) 7 1 nfl-£-ofl f$3f 

^fls.-£: 7fl^^ avs^l ^^Hl-ti] ^ ^^^^1 tfltF 7fl^-ol A^S]J1 <Ucf. 
<i8> o^tr 7|-^;C-1) ) €\ , ti] ,_o_0 3.(D. B.0akes)*l -f-^r 'Selective, Anisotropic 

and Damage-Free Si 02 Etching with a Hyper thermal Atomic Beam*<HH 2f<g^ -^7>wi^- 
ol-g-tr wl ^ A o v ^]^7l#^- ^1^>JL $X±v\, cf^l ^7M(Takashi Yunogami) 

#1 fe-g- ' Development of neutral-beam- assisted etcher' (J. Vac. Sci . Technol. 

A 13(3), May/June, 1995HH ^ U J 4 f^2fl^ v # ^l-g-*>°i £# 0 1 ^ ^ 
^a}o|£l aiz^-71^^- , ^ . Jl°ll3.M(M.J. Goeckner ) *1 ^ 

'Reduction of Residual Charge in Surface-Neutralization -Based Beams*(1997 2nd 
International Symposium on Plasma Process- Induced Damage. May 13-14, Monterey, 
CA.HH rflAiofl ^}7} -41 cfltr ^Zf7l^§- 7flA]^l oicf. 
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<19> =L^, ^7} V).*).£.SL3.#\ ^-o] 7)#^r ^7fl*}*l <&SLB.S. #7} 

^ %: : 5m -2.^£ ^S)7)*J: tfl^sHl o]^^o) nfeji, 

^Hl^H^i^ °}^^r ^71 Al^£7> #cHf &%o] ^ocj, ^-7] Cf7> 

o]^Jl ol^-wj ^.«7>^cl 3.tHr #33 °1 $14. SEtb, <3.*lH.:a°ll 3.4*1 J g- 

o] 4o>i& 7l#^ cflig^5}-7> 7>^>J1 JL^«J ^°fl °]^t4 

<20> ^ S-^, Tjc^V ^12] ^ o. 3.3^ A>-g-^- 0_5.*| £ 

<21> ^. Mj-tgcq ^ S.^ o. ( tJ-c^ ^]o^ ^ °- jg.^ ? Aj«lo] *lH^-0_ 

€ oj^tij^- aU^H a>A>Al^ f^«jo S :f , # 7 j ^**9\ 

&*8^3.^°)} S\^7)^ $\*}*\^ #71 f^^l ^ ^7] 5Z)Alz|7l^2l 4^ # 
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^-8: #^th=K 

<23> ^-71 o]^«l^- #31^ #7l SM>*M <gA}£|^ oj-^Hl o] <g 

A}^ ^sjig- - ojo.^, ti}-^<5Ml^ #7l a>A>^ol) og A >£l^ o^o} 

A>z}-,g- 75°vfl^l 85°^ ifloflAi *1H*M ^ ojcf. 

<24> ^ ( A o V 7 ) «>A>^H1 ^A}^ Ol^^l^ olA>^ A)H ^-7l #7l <$*}S\±r °] 

£rlHl tfl^H #71 7l^7]# afl<H^ ^E &iL^, #71 «VA>^ofl ^7^# o] 

<25> #7l ^-^1-^- ^^>7l 1^1 ty€r # 

iii, #71 ol^^_0^^«-Ei 7}#^ ol^Hjo] ^l^Tj^Hl 31*1^, #71 oj-^Hl-i- 

-fr 3*1*1*1 ^ xlfe- ^31°1*11- i^-tbcf. 

<26> Aj-71 Ol^^.^ °l£r^* ^jAj^ ^ ol^ ^EflS ^-#1" ^ 

<^1« -frS^^ ^i^oH, ZL ^ofl ol^wl o. 7^a1^ ^ ol^ HBl 

= 7> ^Aj^ ^J^- A}-g-^- ^ $XSLV], ^ Aj- 7 | o]-^o_^2f a>A>^ A}o) ofl ^ 
3 tfl5l ol^-tilnV -^uZj-Al^ ^ ol^ 4?^,g- ^ ol^-Hl^^.«7> Cl ^til^ =r£ flt]-. 

<27> Aj-71 ti>A>^^ ^A>S]^ ol-g-«Hl tfl*}^ ZL ^ ^ ^ Ol fe ^^ 7> ^^ 

€ 3^ Af-g-^; ^ ^O.nl ( ^7flSl ^-^0.5. ^ =M , 

<28> ^ ? Aj- 7 ] ^Eflol^l^ ^-71 a}Al-^Hl nVA}Q ^Hlo} ^^S.d\] tfl-g-l!^ ZL ^ 
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*l ^ &U>-^, °1» ^Q<L3. 

^°\) #Hfl °i-g-«Hi S^Z^l^ofl cfltb ^H, #33 ^^M &<>1 M- 

*M1 

£r H J*K*-M^ ^tft ^ ifl**) ol^-^aVo. HVA^cfl og A>Al ^ ^ olo 

^Hl^l 71 71 14- JEfe ^HHl 7Hfl*l^ ^7l^# >HH^5.M) ^^Tfl ^Ajyjo] 
H <^* ^H^" *r &7l afl^ofl jirf ^# ^« ^ 5a4. 

<31> 5E^ ^ofl ^^tb H o V ^* £fe ^l^-BlnV^- ^>-8-*>7l nfl^- 

£ iL<*^ ^^oi ^7.^1 folf ^ 014. 

<32> o]*} y 5L^## ^2:§H ^^Hl#* ^ ^Ml^l ^^*>7lS *V 

7l#^ A># $3 iflofl^ tg-^^ofl o^Sfl Cfoj:^ ^ Hfl^. ^Al^ ^ & o. 
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<33> < *fl i ^ a] ofl > 

^ ^ji^ 3^ ^je* ^-*l*Hr vflofl 
<35> -g- ^Zf« 0 >^ ol^^^w-Ei <^^tb ^ °l£r 

a J^T 7>^A]7lJl, ^-71 7>^ o]£rfJ* tiUHH ^W*} ^7) Oj^til o. - 

^5L3- ^^1^1 Aj- 7l ^Ajtilo] ^733-^-d\} 3)±\7j7)^ °)x)X\^ ^7} ^tij 

^r^^l 5irfl^ wl.oiio].^^(B.A.Helmer) ^ ^ .w] .ziHflol w.i(D. B.Graves) 
*H1 ^l^fl sTS.^ t?^- ' Molecular dynamics simulations of C12+ impacts onto a 
chlorinated silicon surface: Energies and angles of the reflected C12 and CI 
fragments' (J. Vac. Sci . Techno 1 . A 17(5), Sep/Oct 1999 HI e^^j-jl , fe^-ofl 

#S.er°l = (C1)S] #<a# (monolayer)^ ^s]^7l^-^Hl C12+ <$ 

31 <£*W o]#°-3, f^sHI ^ -M^^fJI 9XSL*\, i4o> 7 > 85°^ <Q 

A}z]-o.S ^a}^ C12 ^-xHl cfls}ct| u>A>^ C12 S CI ^r^HS^ ^» 

^(Polar angle)4 ^^(Azimuthal angle)°-5. 3EA] a. i^ofl 

^A>z|o.s. ^ 90% #^^7> ^^rS. 

*r3* £ ^ $1-^, U-^^fS. ^ 0°^1 e^^-§- g ^ Sa^r. 

<37> M. ig}-^ aV 7 ] o]^.^ e7l# £cfl£ l4ic.nl a>£^4i^>S] Al^^ofl ^.cf 
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tiV^tt %^S. ^SLsL^ , 5. l^r %2iZ}°\ ^ 

#*H1 cfl^H ^-^^ o.S 
< 38 > £ i^- ol^^^^dOS^-Ei ^MJ^ ol^yio] oj^til o) ^l^^^Aj- ol 

^ri^(lO)^ -^^l 3]*lSRr 5Hr #^(16)* #^-fV ^ *A>*fl(18) 

-f ^ ^^47l^:(20)^-S ^^O] 5E)^Z^7l3&(20)^ 

21 ^ 3 ^aHH]a^ -^£3^(12 HI -frs^-g. ol7>^-o.S^ 

^r7fl^ ^ffo) fgs$Q ZL^^(14)7> ^^^cf. 
<39> ^-71 0.^(10)0] ^^1^ ^oj.^) o^^V 3^ o. g:- *}^^2] 

^-f-»°l °1 £13 16 H tifl^lS)^, ^-71 ol^^(10)^ 

Bi 7 >^ ol^aj ^ojj^ ^^§^ « 0 >^^- 7 }xH, <^*V igo^o] ^u>^ ^ 

ifl«?oju|. ^ ^^^40] ^s-f-oll ^ € ^51 ?l±= «<M*fl# 

<40> ^-71 ol^Hl^^«.(i6)fil -f^m ^"71 ^-g- ^^*V ol^aj^- yVAfAl^ ^ 01^ 

a>A^l(l 8 )7> ^^ofl tfl^ 3^ 7l^;7lS. tifl^l^Cf. #71 ^A^dS)^ ZL 7] 
7]7> ^ vfloflA^ - s)^7>^7ll ^^l^H, °J ^ <=>l^r w d^ ^ 
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<41> #71 a>A>^(18)^ 7l-i-7li4 £L7l^r #7l ^KHKlBHl 

37H tfl-g-Sl^ S^tbCf. ^T, #71 #71 *A>*I|( 18H<q 

Jf^o] tiVA>^( 18)lfl^l 2.^ iMH^ tlS^i ti>A>^(18)o11 SlSfl aVA>El^ &i=- 
ol-^«Jol «V^5|^] ^ £4 S. ^j-cf. £ -g*H*IH #7l ^Hl(18)^ 71^-71^ ^^ofl 

tflSH 5 0 ifl^l 15 0 »3flifl<*IH ^ 5M. ^>^l(18)2l ^^°fl tJj\i& 71^- 

7l^ £ lo\)*\ ^^-8: 7l§O.S ^A>Z|( ^ i) ^ ti_VA>Z]-( ^ r )Hf Tl^l ^ ^£7> 

£cK rtl-ej-A^ aj. 7 | ^sgTgofl cfltb 7l-i:7l7> a^s. 50^^ 15°^^ S>>M-*fl(18) 
£\ S^ofl cfl^H 7l^A^ *V ^A>zl-ol ^oli 75°xfl*l 85° °J # 3*1 ^ 

<42> ^ f ^-71 tiVA>^l(18)S.^-EVtiVA>Sl^ ^1^^S#^1 5X)AlZl-7l^- 

(20)°1 «Pm4. #7l #(20)£r ^M*l(3EAl*>^)#4| f>Aj «1 011 

£S ^^lTfl tifl^i^ ^ ^jes 3*1 ^ «j-^oi ^Hsi^s. A^^^cf. ^ ^ahhia-i^ 

£ 1<HH £Al^ Hi-fi)- ig-o], tfle^o.^. 01^^.^(10)01 ^o.5.«-E^| «}A>^ol ^ 
^Ifil 7ie](Ll)7> S^z^l #(20)0.3.^3 ^Hl^l f^*}*13 7lsl(L2)7> ^<3*>7fl 
10 cmS ^P-^^^cf. 

<43> ^3 ^-§-^1 ^7>^^ S.^ 7}^ofl ^3*1 & 
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^ ^ $1°-^, &^-7}£lS,*\ C12, C12/C2F6, SiC14, CC14/02, SiC14/02 f-^ 7> 

A>5}-ni-oii4 ^5l^-q-oiEe).o]coi- £ - 3LSefl^l^S^-# *H C12/SiC14, 

C12/CC14, C12/CHC13, C12/BC13 -§-S.<Hl 4^ ^WXI ^ 

< 44 > £ 2^ ■& *fll 4J*HH ^-g-tb £ 1^ 5q^^7l^ q-E|-iflfe 

a>S.^) 71^(30)^1 ^^^-#^#(32)^1 S^^M. H $H1 ^>§^r sfl^^ ^ ai 
^>i^(34)ol *§>$5W 5*^. ^HHH^ ^^3. 7 i^AVofl 3X]ai^-#^^(32)o. 

(34)JL5. ^^A. 

<45> £ 4^ afll ^Al^ofl 4^ AlZ^^-J- ^4 7 ]-^^oj-o 1 l tfltb ^ 

£ 7>^Al7l7l ^*fl £ 19] ^ = (14H1 9l7}S\^ #°Mf ^H^, ^ 
^i^r ££.efl*l^S^£) *|zHp£# ^ul^cf. 01^^.^(10)5] 
°i(12H o]7>£l^r -°-.£*i3* 250 WS. *KH, «>A>^(i8)o] ^^ofl tfl?V °J a)-z}-( .9 i ) 
# 5°S. ^^*>Jl, #e^> ti}^-7}iSAi ^>^7l-^ -ff^-g- 4 sccmAS. ^5$*=*. £ 4 
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o) 1000V7>*lfe ^^£^A-1 -g- Z}6\% &o]x) oyv\7\ ZL 7\4^^6\}A^ nfl-f 

1000 eVol^>, ticf i 0 0 V^^S. -ft*!* *r SZ , SJ*>3fe <y 

300 eV o]^> ; «]-^-3i^>7il^ 50 eV^S. -fM^Rr -¥-£^ *)zJ-o]e} 

<46> S. 5^r ^*HH 4^ Al^^-i- ^ ^Aj-z^-ofl rfl^ 

M^\9 ZLEflSolcf. c 5 o) ^sflaoflAi £ 1^ 

SH-*f|(18)S] 7l§o.S *V W^^O* M-Efifl^, ^]4^5L^ i£ 

Sfl^lilffil ^Z^S* ^l^tf. ^2:^ ^1-8:^^^(10)^ -H-£S^(12)<H1 917} 

3tt -R-£^* 300 §Kn, 7>^^<a-^ 1000VS. sfrSt-S.^ , #^^> ti>-g-7>i^ 

-fr^-g: 4 seem £ 5<HH ^V^M 10° o] ^ Aiz^.E7} 

°] ^ 75 A/min^- M-Ej-ifljn. 
<47> £ 6-gr afli ^Al^ofl 14^ aJz}^^ ^32f RF^^ofl rfl^ Alz}. 

M-Bj-^ ZLHfl^ojc]-. £ 6^ ZLSflHoll^ 7>S.^^r £ 1^ -R-SiS <H( 12 H 

(14)°fl <el7>£]^ 7Hr^<y-§: 1000VS , «J|-7}iS^ aJ-^^o} o_ 

4 sccmS. -g^Sl-Stf. £ 6<HH RF^°1 ^7}^o\] 4^ ^4^£7> 7^ ti]3l<5> 

^ #7>^>ji <£ ^ sat}. 
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<49> < X) 2 a] of) > 

<50> £ 3 ^-^S] ^2 ^A^H 4^. tiV^l^Hl *fl$ 7fl^^ °.S. M" 

£ 3^1 zf ^^4.^ ^a] 3^3. ^l^S* -B-*l*Kr ^l^^tH iflofl ^a]^ 

^0.5. ^11 ^AHloflA^ Tj-o] > Ol^^^^a-Ei <U^& ^-$r ^ Ol^ti]^- 

7>^Al7lJl, Aj-71 7}^ ol^aj^- 01^*!: €^7l^] Cf= q-^o} ^oj-o] o]7>£ 4 

^ ^^S-Aj-ofl 3X]Al^7l^ Aj-71 ^Ajtilofl Aj- 7 j ;s) Al z^-7) ^-Aj- S.^ 

^m*Rr ^44. £ 1^ -^tb ^^.^ -E-Oj^ %^*l3L3- S.*]*}^, =1 

^^-71^(20)^.5. ^A>£lo] ^z^l^O)^ s.^ Aizl-^-cf. £ 3^^ 5L 

Al^H #71 o] ^0.^(10) ^ofl ^-§- ^ ^-g- o]^ 

a J^^(16)7> <*Al «-^°14. 
<52> Aj-7] 01^4,^^(10)^ ^-^l^r ^oj-0171-ojl cq*fl 0]^-^^. 7>^A] ^ ^ 01 , 
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<53> ^Al^oflA^ #71 ol^O_^(l 0 )o) J^c^ 2] ^ ^(20)^ ^>°H1 «o Va >^ 

^7)}^ £l^§ «>A>^l(40a, 40b, 40c, 40d)7> ^1^4. ^7} 

^7l#(20Hl Al^^^- ^<s}5H=- ^s]c^ oj^. Aj- 7 1 ^ 7 flS} ^-f-^ ti> 

A>^fl^ 7^o] ( a_V7j *J z]-7l ^17>S]^ *J<y-^ 3 7l^ *i7Hl rrf^ ^^^r) - oi^ 

<54> «VA>^S.o. ^ 7l*7]7> t^-jO S tfl 6(j 

^V^ifloD^ XI- Aj ^EflS ^A>^ o]^Ol o. a>A>^}o] M ^ J=L 

f^ a JA5. ^^^ZL, °1 f^tt] o]* 7^ ^A^l-o.^. ^ag^J- 5Jolcf. 

<55> olnflc a o V 7 | tiVA^l-i.^ S ,gofl tflsH °}A>5]^ o|AhJ6 yj, 

^1^1 S.^} tflSH 5°^^1 15°^^tfloflA^ ^ $x**. 
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<58> ^ofl 2\15}t£, 1}t£kV ^o\] ^t)} ^Jwl o. <g o. ^ olOnj ; ojf 

<59> £^ ^Hl^ 7||-7lt} 7}t\\*\^ x\7}^-i; 

fAS^ ^^711 tij ^ ^c^^J- ^ oJ 7 ) nfl^-oll lief o| ^ 

<60> SEtb ^V^, 3^ *!HM3-a- £t= oj^alnV^. ^#§}cx} Af-g-^7] ufl-g- 
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[3^ 11 

^"71 7Hr€ °l£r^* «>A>^H ^AfA^ ^7) ol-g-Ol^- f^H10. S 71^ 

#31; ^ 

^-71 f^S) ^^:sL#o)l S^Z^l^- #7l #^^ofl ^ #7] ^Al 

^■^^ . 

[^^ 2] 

*1H*}^ ^*Rr ^AJL ^«J-t- 

[^^ 3] 

*H 2 * 0 H1 ^7} °l^ y J* f^BjO £ ^^171^ #7HH #7] 

<$A\s\±r ol^-wi^ <^A}z}-a- ti>A]-^^ S.t£o)) tfl^V ^A|^- 7l^_°5. 75° 85° 

[^^d- 4] 

*)1 3 %H1 Sa^H, Aj-7] Ol^tij-^ f^lO^ ^^H^T #7^ #71 ^A>£]^ O) 
tfl^H #7] «VA>^o] 71^711- *lH*M ^*3*Rr ^JUS- f^«J^ 
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*ll 3 91°]*], ^7] ^^SLS. #3]^ #7] *a>*M # 

71^* $17>*M ^A>5]^ ol^Hjo^ 31*833.* ^*Hr 3* ^SLS. *}±r 

6] 
7] 

1 91°]*), ^7) <%*}$) ^ °}^2) 7>4^<gvfr 100V °l*>, <gAMN*lfe 

50eV ol^>S ^-1: ^-2.5. S}^ o]-g-^ ^zK Vl 3. 

[^t^ 8] 

^* 0 l^ w J-g- ^ ^ ^ o]^^; 

9] 

°}^^r 7}4=-*}*l ^ =L?]EL7} ?A^r ^$SL3. ^ f^U* o]-g-;£ 

^Idt7>^ ^z^l. 
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10] 

8 %H1 5fl°H, #7) <3*>3^ °l£rU°l| tfl*M SJ^-g- *fl<H^ 

[^T 1 * 11] 

f?.Hl^ ^<a-o] o]7>£]j£^ ^€ ^ ^ o.S. ^ ^ y J# <>l-8-$ 

«>£^^>^ ^z^^l. 

I^n 1 * 12] 

-g-*H ^^^|^£)£^- 51* ^8 ol-g-^- a>£^^>^ 

13] 

[^t 1 ^ 14] 
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